INTRODUCTION
It is common knowledge that hemodialysis patients are less active than normal persons (1) . They have a lower functional capacity, disturbed flexibility and coordination, reduced strength, impaired peripheral activation, and significant skeletal muscle wasting (2) (3) (4) (5) . Their sedentary behaviour is associated with an increased risk for dying (6) , a risk that is lower in patients who exercise several times in a week (7) .
Predisposing factors for these patients' poor functional ability are cardiac dysfunction, impaired cardiac autonomic control, skeletal muscle weakness, and fatigue (8) . Also contributing to this deterioration are renal anemia, uremic toxins, malnutrition, deconditioning, neurohormonal insults, and increasing inactivity. Maximal exercise capacity and muscle strength declines as renal function decreases (9, 10) . In CAPD patients physical fitness is also poor, and the infusion of dialysis fluid into the peritoneal cavity does not seem to affect physical work capacity (11) .
The determinants of reduced exercise capacity in dialysis patients are as follows:
Uremic myopathy and resulting decreased muscle oxygen utilization have a significant impact on the physical functioning of dialysis patients, and some of the abnormalities demonstrated in uremic muscle are consistent with disuse atrophy (12) . Dialysis patients exhibit functionally significant muscle wasting (13) and on light microscopy exhibit fiber splitting, fiber degeneration and regeneration, increased content of lipid droplets, and fiber-type grouping. Non-specific abnormalities seen on electron microscopy include mitochondrial changes, Zband degeneration, myofilament loss, and accumulation of intracellular glycogen (14) . Dialysis patients also have an abnormal response of muscle blood flow to exercise, rising during submaximal and symptom-limited maximal exercise much less than in controls (15) . Low muscle O 2 conductance also seems to limit exercise tolerance; and increased oxidative damage may be a further factor causing skeletal myopathy (16) . Fatigue is threefold greater in dialysis patients than in controls, possibly due to deranged intramuscular energy metabolism (4) . Total muscle carnitine content is lower than in controls, and this is correlated to exercise performance (17) .
Peak oxygen uptake (VO2peak), self-reported functioning measures, and physical activity levels are independent predictors of mortality in HD patients (18) . Peak VO2 correlates positively with male sex and hemoglobin, serum albumin and serum creatinine concentrations, and negatively with dialytic age and diagnosis of diabetes or chronic heart failure (19) . Dialysis patients have greater lipid peroxidation at rest and during or after physical exercise (20) , and also exhibit impaired extrarenal potassium regulation during exercise (21) .
Correction of anemia has been proportionally correlated with the exercise capacity of dialysis patients. Their impairment of aerobic and anaerobic capacity is significantly correlated with the severity of the anemia (22) . Hemoglobin and creatinine concentrations, muscle strength, height, weight, and age also influence physical work capacity, but do not seem to be strong determining factors (23) . Maximal working capacity is reduced even before starting dialysis, in part due to reduced hemoglobin (24); but full exercise tolerance ability cannot always be regained even after restoring a normal hematocrit (25) .
DISCUSSION

Methods for estimating functional capacity in dialysis patients
The importance of physical functioning in the overall treatment of dialysis patients is being increasingly recognized. Physical functioning is highly associated with outcomes such as hospitalization, nursing home admission, falling, level of dependency, and death. In general, physical functioning may be classified into basic actions (activities considered essential for maintaining independence) and complex activities (those that are not essential for independent living, but may have an impact on quality of life). Measuring physical functioning can be complicated, ranging from self-report questionnaires to performance measures of specific tasks and laboratory measures. Physical functioning assessments allow physical ability to be monitored and also identify those patients with lower functioning who would benefit from exercise intervention (26) . The methods used for the estimation of functional capacity in dialysis patients are the following:
Pulmonary function tests and symptom-limited cardiopulmonary exercise tests, usually performed on a cycle ergometer. Minute ventilation (VE), carbon dioxide output (VCO2) and oxygen uptake (VO2) can be continuously measured during exercise tests. The oxygen uptake efficiency slope is derived from the logarithmic relation between VO2 and VE during an incremental exercise test (27) . With this method, one may also analyze the exercise duration, maximum work rate, peak VO2 peak and VO2 at ventilatory threshold (VT; V-slope) during cycle ergometry (28) .
Functional assessment can also be performed by a 6minute walk test, the sit-to-stand 60 test, assessing the number of sit-to-stands possible under controlled conditions in 60 seconds and the time taken to perform five sit-to-stand movements (2, 29) .
Muscle strength is estimated by isokinetic dynamometry or by one repetition maximum of knee extension (30) . Another method of muscle strength estimation is maximal handgrip strength (31) .
To evaluate the structural changes from exercise, one may measure a cross-sectional area (CSA) of muscle and fat from a standardized multi-slice CT scan of a 6-cm long section of thigh. CSA of soft tissue is taken from appropriate fat and muscle densities (2) .
Open muscle biopsies may be taken from the vastus lateralis muscle before and after an exercise rehabilitation program and examined by routine light-and transmission electron-microscopy morphometric analysis of each muscle fiber (32) .
Nutrition parameters may offer valuable information. Total body potassium and creatinine output measurements of lean body mass (LBM) reflect the LBM at normal body fluid volumes ("dry weight") and may be better indices of nutrition in dialysis patients than other techniques such as excess fluid in the LBM (33) .
31P magnetic resonance spectroscopy (at 4.7 Tesla) can be used to measure intracellular high-energy phosphates in resting muscle as well as changes in the concentrations of these metabolites during exercise and recovery from exercise. Inorganic phosphate, ATP and phosphocreatine concentrations and the intracellular pH can also be measured. The maximal oxidative capacity of muscle tissue is calculated from the kinetics of phosphocreatine recovery after exercise (34, 35) .
The methods of exercise training
Patients should be instructed to start a routine of physical activity that is on most (if not all) days of the week, begun gradually and working up to 30 minutes per session at an easily tolerated exertion level (37) . The three methods of exercise training applicable to patients with End Stage Renal Disease (ESRD) are: (i) a supervised outpatient program held in a rehabilitation center; (ii) a home exercise rehabilitation program; and (iii) an exercise rehabilitation program three times a week (cycle ergometer, mini-stepper) for 30 minutes in the first two hours of hemodialysis (8, 36) . The cardiovascular exercise response is superimposed on hemodynamic effects of dialysis and is adequately stable during the first two hours of treatment, but after two hours, cardiovascular decompensation may preclude exercise (37) .
The training starts with an initial phase followed by a build-up phase and a maintenance phase, each phase consisting of a warm-up, a main phase, and a cool-down phase. The Borg's rate of perceived exertion scale (RPEscale) is recommended for controlling the training. The intensity of the exercise program can be condition level 12-16 according to the RPE (38) . Due to the specific nuances of each treatment modality, hemodialysis and peritoneal dialysis patients as well as transplantation patients should seek individual prescriptions (5) .
Influence of exercise in end-stage renal disease patients
Exercise capacity
Exercise training improves maximal exercise capacity, muscle strength, and endurance. Exercise training should ideally be started during the predialysis stage, but is equally effective in dialysis patients and after renal transplantation (9) . Cardiovascular exercise training improves VO2peak, physical performance tests (e.g. the mental and physical components of the Short Form-36, maximal oxygen consumption and exercise duration), and self-reported functioning. Resistance exercise training can be used safely to increase strength and functional capacity in stable hemodialysis patients (31) .
In predialysis patients, muscular strength, dynamic endurance, walking capacity and functional mobility can increase significantly after a program of regular muscle endurance exercise training. Elderly predialysis patients have shown to improve both muscle function and mobility following a program of exercise training (39) .
Impact of exercise in structure and function of the muscles
Exercise training has beneficial effects on muscle structural and functional abnormalities. Increased exercise capacity by physical training is produced by the functional improvement of skeletal muscles per se, but not by alterations in blood perfusion of the muscles of hemodialysis patients (40) . Histologically, resistance training causes positive effects on skeletal muscle infrastructure (41) and in muscular strength and endurance (42) .
Dialysis parameters
Intradialytic exercise program increases significantly SpKt/V (32, 42) . It also results in reduced rebound of urea, creatinine, and potassium post-dialysis due to increased perfusion of the skeletal muscles (43) . Increased dialytic removal of phosphate achieved with intradialytic exercise may in the long term improve phosphate control (44) . Moreover, regular handgrip training increases the diameters of forearm vessels and improves endothelium-dependent vasodilatation, with possible beneficial effects on arteriovenous fistula development (45) . In predialysis patients, physical exercise has shown no untoward effects on the progression of renal disease (46).
Cardiovascular system
Aerobic exercise interventions increase maximal oxygen consumption in selected patients. Aerobic exercise training may also improve blood pressure control, lipid profiles, and cardiovascular risks factors (47) ; it causes favourable left ventricular functional adaptations, increases cardiac vagal outflow, decreases sympathetic over-activity, and reduces the incidence of cardiac arrhythmias (8) .
Exercise training during hemodialysis improves both interdialytic systolic and diastolic ambulatory blood pressure and treatment-related blood pressure (48) , and may allow a reduction of antihypertensive medication dosages (49) . The relative benefit of exercise could reach an average 36% reduction in antihypertensive medications at an average annual cost savings of $885/patient-year (50) . Exercise in predialysis patients seems to decrease heart rate, while in an earlier study, blood pressure and echocardiographic variables remained unchanged during the observation period (51) .
Biochemical parameters -Cardiovascular risk factors
Exercise decreases plasma triglycerides, increases high-density lipoprotein cholesterol, and also increases glucose disappearance rates, in spite of a decrease in fasting insulin levels, suggesting that insulin sensitivity is improved. By reducing coronary risk factors in hemodialysis patients, exercise training may also decrease their morbidity and mortality from atherosclerotic complications (52) . In CAPD patients, an increasing trend of high-density lipoproteins was observed in the exercisers (53) .
In CKD patients, transient metabolic acidosis and mild hyperkalemia may develop after maximal exercise but not after prolonged submaximal exercise (54) . In a recent study, citrate ingestion reduced the plasma H+ concentration and increased the plasma HCO3concentration (55) . Blood lactate levels rise dramatically in uremic exercisers, possibly due to an abnormality in the muscle handling of lactate during exercise (56) .
Other actions
Participating in a low-to-moderate intensity preconditioning exercise program has had beneficial effects on behavioral change, physiological conditions, and health-related quality of life (38) . Kilocalorie and protein intakes appear to increase during the exercise program. Most exercising patients express feelings of improved health and appetite and view exercise as enjoyable (57) .
Anemia
Treatment of anemia by erythropoietin does not alter resting arterial lactate concentration but improves tissue oxygen supply during exercise, reflected by delay in the onset of lactic acidemia (58) . Correcting anemia with rHuEPO improves aerobic exercise capacity, as well as isometric and isokinetic measurements of muscle strength. Yet aerobic capacity improved substantially less than expected (59) , perhaps because the gain in oxygen transport is limited by a significant reduction in peak blood flow to exercising muscle. Moreover, after restoration of anemia, the O 2 conductance from the muscle capillary to the mitochondria remains below normal, possibly due to a functional mitochondrial defect (60) .
CONCLUSIONS
In conclusion, exercise training increases physical work capacity, improves the functional and structural properties of the skeletal muscles, improves dialysis efficiency (when given during dialysis), lowers the dose of antihypertensive medications, improves a series of modifiable cardiovascular risk factors, and seems to improve significantly the mood and the quality of life in CKD patients. Exercise training has far-reaching implications, offering the potential to return some dialysis patients to a more normal social lifestyle and to reduce their dependency.
